Abstract: Although arthropods are abundant and diverse in and on macrofungal sporocarps, their associations with fungi seldom have been described at a community level. We examined sporocarpassociated beetle communities in two primary sites in the Appalachian Mountains and foothills, assessing beetle diversity and abundance in relation to study site, sampling season (early vs. late summer), and sporocarp characteristics such as taxonomic position, dry mass and age. From 758 sporocarps representing .180 species we recovered 15 404 adult beetles representing 72 species and 15 families, primarily Staphylinidae (. 98% of individuals and of 64% morphospecies). The probability of sporocarp colonization by beetles, beetle abundance and diversity differed among fungal species and were positively associated with sporocarp dry mass. Sporocarp age was positively correlated with beetle diversity and abundance (as measured in a focal species, Megacollybia platyphylla, Tricholomataceae), and its effects were independent of dry mass. Many beetle species were generalists, visiting a wide breadth of fungi in both the Agaricales and Polyporales; however, several beetle taxa showed evidence of specialization on particular fungal hosts. Host association data were used to examine the structure underlying sporocarpbeetle associations. Here we present the first evidence of nested community structure in the sporocarpbeetle interaction network.
INTRODUCTION
Sporocarps of macrofungi provide habitat for a wealth of non-insect microarthropods and an abundance of insects (O'Connell and Bolger 1997 , Wertheim et al. 2000 , Yamashita and Hijii 2003 . Acari (mites) and Collembola (springtails) comprise the major groups of sporocarp-associated microarthropods (O'Connell and Bolger 1997) , whereas Diptera (flies) and Coleoptera (beetles) dominate insect communities (Paviour-Smith 1960 , Bruns 1984 , Yamashita and Hijii 2003 . Together these arthropods comprise both obligate and facultative users of sporocarps and their communities encompass a diversity of nutritional modes (Bruns 1984) . Although many are mycophagous and actively graze fungal spores and mycelia, others are predators or parasitoids that seek out sporocarps for prey or hosts, yielding a distinct and multitrophic community (Ashe 1984a , Bruns 1984 , Lewis and Worthen 1992 , Wertheim et al. 2000 , Cline and Leschen 2005 .
Fungal sporocarps are a patchy, ephemeral and isolated resource that can be distributed heterogeneously across space and time (e.g. Wertheim et al. 2000, Toda and Kimura 1997 , see also Kauserud et al. 2008) . Many sporocarps persist only a few days or weeks (Lacy 1984, Yamashita and Hijii 2004) , constraining the time available for colonization by adults or oviposition and development of mycophagous larvae (Toda and Kimura 1997, Wertheim et al. 2000) . Sporocarps also differ within and among species in size, longevity, nutritional content and chemical composition, each of which may shape the arthropod community (Bruns 1984 , O'Connell and Bolger 1997 , Jonsell and Nordlander 2004 .
As in the classic ecological systems of pollination, herbivory and frugivory (Jaremo et al. 1999 , Wenny 2001 , some arthropods associated with sporocarps likely influence host fitness (Guevara et al. 2000a , Lilleskov and Bruns 2005 , Nuss 1982 ). In the ecological literature, mycophagy has been compared most frequently to herbivory (Bruns 1984 , Harper 1977 , Fäldt et al. 1999 , Jonsell and Nordlander 2004 , O'Connell and Bolger 1997 because both plants and fungi provide food resources that vary in chemistry, nutritional quality and apparency (Fäldt 1999 , Jonsell and Nordlander 2004 , Coley et al. 2006 , Guevara and Dirzo 1999 . Many insects feed on vegetative portions of the sporocarp, spores or hymenium with varying intensity and effects; for example Guevara and Dirzo (1999) found that invertebrates consume up to 50% of macrofungal genet biomass in a Mexican cloud forest. Guevara et al. (2000a) reported a negative correlation between the abundance of Octatemnus glabriculus (Ciidae) beetles and the proportion of hymenium that was functional in Coriolus versicolor (Polyporaceae). However, some sporocarp-associated arthropods enhance fungal fitness by dispersing spores to sites that are favorable for germination (Bruns 1984 , Tuno 1999 , inviting comparisons to mutualisms such as frugivory/seed dispersal. Spores are moved actively through specialized behaviors and structures such as mycangia (e.g. Cassier et al. 1996) , passively on the integument or by passage through the gut of mycophages or their predators (Malloch and Blackwell 1992 , Lilleskov and Bruns 2005 , Tuno 1999 ). Some propagules, such as late-season spores of Ganoderma lucidum and G. atkinsonii, may require gut passage to germinate (Nuss 1982) , underscoring the importance of such interactions.
Fungi offer a phylogenetically distinct system for examining classic ecological models of species interactions and resource use, which traditionally have centered on plants (Bruns 1984 , Reader et al. 2006 . Such interactions recently have been formalized as ecological or community networks, drawing from a tradition in trophic food-web studies primarily based in aquatic systems (see Pimm 1984 , Schmid-Araya et al. 2002 , Reuman and Cohen 2004 , Okuyama and Holland 2008 . These networks connect nodes (species) by their biotic interactions (links) and are described in terms of four main properties: complexity (average number of links per species; , connectance (proportion of potential links that are realized; Dunne et al. 2002) , clustering (proportion of species directly linked to a focal species; Montoya et al. 2006 ) and compartmentalization (the degree to which the community network as a whole can be divided, or compartmentalized, into distinct subnetworks; Reuman and Cohen 2004, Bascompte et al. 2003) . Each provides a perspective on the ecological and evolutionary stability of communities and has been implicated in ecosystem and community resistance to invasion, extinction and environmental change (Memmot et al. 2004, Okuyama and Holland 2008) .
Of these, compartmentalization often differs most predictably with regard to the type of species interactions present in a community. For example many trophic webs and predator-prey interactions are highly subdivided or compartmentalized: subsets of species on one side of an association (e.g. predators) interact with a distinct subset of species on the other side of the association (e.g. prey), resulting in relatively independent ''compartments'' of associated species with few interactions between compartments (e.g. Dicks et al. 2002, Prado and Lewinsohn 2004) . In contrast, mutualisms, such as plant-pollinator, antplant and plant-frugivore associations, typically display a strongly nested network structure (Oleson and Jordano 2002 , Bascompte et al. 2003 , Renner 2007 , Ings et al. 2009 ; see also some host-parasite interactions, Vazquez et al. 2005) . In these cases generalist species on one side of the interaction (e.g. plants) interact with both generalists and specialists on the other side (e.g. pollinators), whereas specialists on either side of an interaction associate preferentially with generalists (Bascompte and Jordano 2007 , Thebault and Fontaine 2008 , Ings et al. 2009 ). Such networks are characterized by ecological redundancy and relative stability compared to compartmentalized networks (Bascompte et al. 2003) . Despite a flurry of recent interest in interaction networks focusing on plant-insect systems; however, network structure rarely has been formalized in fungi aside from a few studies on mycophagous drosophilids (Worthen et al. 1996 (Worthen et al. , 1998 .
Here we present a taxonomically broad survey of macrofungal sporocarps and associated beetle communities in the central Appalachian Mountains and foothills. We discuss beetle community diversity and abundance in relation to sampling site, season and sporocarp characteristics, including taxonomic position, dry mass and age. We then present the first discussion of community network structure in sporocarp-beetle associations and show strongly suggestive evidence of nestedness in these diverse communities.
MATERIALS AND METHODS
Field sampling.-We collected sporocarps and associated adult beetles in central and southwestern Virginia USA JunAug 2007. Study sites included a highland Appalachian forest near Mountain Lake Biological Station (MLBS) in Giles County (37u22.2569N, 80u31.2489W, 1170 m), and a lower-elevation forest in Albemarle County (38u05.599N, 78u25.279W, 141 m; ca. 200 km from MLBS). Both sites support mature hardwood forest dominated by oak (Quercus spp.) and hickory (Carya spp.). Beginning at the Giles County site we sampled daily for 14 d before moving to the Albemarle County site, with alternation between sites continuing throughout the summer at ca. 14 d intervals. In addition a small number of samples were collected over 2 d (Jun 14 and 18) near Pandapas Pond, a mid-elevation site in Montgomery County (37u22.2569N, 80u31.2489W, 667 m; 24 km from MLBS).
Sporocarps were examined thoroughly in the field for adult beetles, which were collected with an aspirator and placed directly into 95% ethanol. To prevent escape of insects into leaf litter, waxed paper was placed under each sporocarp before collection. Thicker sporocarps were dissected as needed to ensure collection of all adult beetles.
For the most common mushroom species (Megacollybia platyphylla [Pers.] Kotl. & Pouzar, Tricholomataceae) sporocarp age was scored as a continuous variable 1-5 with these landmarks: (1) button stage, (2) expanding but not yet reproductively mature, (3) reproductively mature, (4) postmature and (5) in middle to late stages of decay. Other species were sampled when reproductively mature or immediately post-mature. When sporocarps occurred in clusters within 2.5 cm, clusters were treated as the sample unit.
Sporocarps were photographed, dried and weighed to calculate dry mass and identified to the finest taxonomic level possible with the criteria of Arora (1986), Phillips (1991) , Bessette et al. (1997) , Roody (2003) , Bessette et al. (2000) and Largent (1973) . Vouchers were deposited in the Robert L. Gilbertson Mycological Herbarium (ARIZ) at the University of Arizona (accession numbers 035878-035995, 036267-036286).
Ethanol-preserved beetles were sorted to family and identified to genus or species when possible with the criteria of Borror et al. (1989) , Arnett et al. (2002) , Foley and Ivie (2008) , and assistance from experts (see ACKNOWL-EDGMENTS). Gyrophaeninae (Staphylinidae: Aleocharinae) were identified to species based on characteristics of genitalia and males' eighth tergite structure with criteria of Seevers (1951) and Ashe (1984b) . Other members of the Aleocharinae were sent to a specialist for identification. We use the general term ''morphospecies'' to encompass beetles identified to species, as well as morphologically distinct beetles that were not identified successfully at the species level but which displayed sufficiently distinctive morphology to be placed into unique taxonomic units. Beetle specimens preserved in 95% ethanol have been deposited in the Virginia Tech Department of Entomology Insect Collection in Blacksburg, Virginia.
Statistical analysis.-To determine differences in dry mass between sporocarps with or without beetles we used z tests (when data for dry mass were distributed normally) or Wilcoxon signed-rank tests (when data deviated significantly from normal) for each of the most common fungal species. Multiple regression was used to examine the relationships of beetle abundance and diversity to sporocarp dry mass, collection season and site (host species, site and season scored as dummy variables; collection season scored such that before Jul 1 5 early season, after Jul 1 5 late season). To examine differences among fungal species we used analysis of variance (ANOVA) or Kruskal-Wallis tests on reduced-model residuals from multiple regression after accounting for variation explained by dry mass, season and site. We considered only sporocarps with beetles, focused on the eight most abundant species and excluded immature sporocarps of Me. platyphylla. Effects of dry mass on beetle abundance also were evaluated separately for each of the most common fungal species with linear regression. Diversity, calculated with Fisher's alpha, was evaluated for each sporocarp and cumulatively for each fungal species; sporocarps not colonized by beetles were excluded, and persporocarp analyses were limited to sporocarps hosting three or more individual beetles. To examine relationships between sporocarp age and beetle abundance and diversity in Me. platyphylla we used multiple regression with age, sporocarp dry mass, collection season, and site as explanatory variables. Season and site were scored as dummy variables. We included all sporocarps of Me. platyphylla in these analyses.
Statistical analyses were performed with JMP 4.0.4 (Sall and Lehman 1996) . EstimateS (Colwell 2006 , http://purl. oclc.org/estimates) was used to generate species accumulation curves and to calculate diversity by site and across cumulative collections of each fungal species.
Nestedness of the beetle-sporocarp interaction network.-We assembled a binary matrix of beetle-host associations with beetle species (rows) and fungal species (columns) ranked in order of increasing richness of associated species (Ö ster 2008) . Fungal species that harbored beetles but which were collected with beetles fewer than three times and beetle species found on fewer than three sporocarps (regardless of abundance on the sporocarp) were excluded to control for rare species effects (e.g. Higgins et al. 2006 ). The matrix temperature, which estimates the deviation of an observed matrix from a perfectly nested model (Attmar and Patterson 1993, Stang et al. 2007 ), was calculated with BINMATNEST (Rodriguez-Girones and Santamaria 2006) over 2000 generations with population size 5 30 and individuals 5 7, as recommended by Rodriguez-Girones and Santamaria (2006). The P value corresponding to the observed matrix temperature was calculated with the software's null model 3, recommended as the most robust to both type I and type II error (Rodriguez-Girones and Santamaria 2006) with 500 null matrices. Networks were considered nested when the observed matrix temperature fell significantly below the mean temperature calculated for a set of random matrices generated under the specified null (Rodriguez-Girones and Santamaria 2006, Ö ster 2008).
RESULTS
We collected 758 sporocarps (or sporocarp clusters) representing at least 180 species. Mature sporocarps of eight species were sufficiently common to be used in statistical analyses, including three species of Polyporales (Laetiporus (TABLE II) . Of these, 1890 individuals were collected from a single sporocarp of Me. platyphylla, but the species was common on a wide range of fungi. Although also present in Albemarle County, G. flavicornis was represented only by seven individuals from four sporocarps in that site. Similarly the most abundant species in Albemarle County (Gyrophaena coniciventris and Phanerota fasciata, FIG. 1) were uncommon in Giles County (TABLE II) .
Relatively few fungal species were observed in both Giles and Albemarle counties (6.9% of 144 species, following exclusion of ambiguous species and excluding Pandapas Pond collections). Overlap in beetle taxa was more than threefold higher, with 22.8% of morphospecies shared between Giles and Albemarle sites (18 morphospecies; percentage excludes those found only at Pandapas Pond). Supplemental collections at Pandapas Pond yielded 12 beetle morphospecies, six of which were unique to that site and three of which were found at both the Giles and Albemarle sites.
Sporocarp colonization by beetles.-Sporocarps containing beetles had significantly greater dry mass than conspecifics lacking beetles in three of the six most common fungal species examined (FIG. 2) , including L. sulphureus (z 5 5 4.27, P , 0.0001), Me. platyphylla (P , 0.0001; two-tailed signed-rank test) and Plu. cervinus (z 5 5 2.43, P 5 0.015). Beetles also tended to be present more frequently in sporocarps with greater dry mass for Po. mori, T. chioneus and C. pyxidata (FIG. 2) . Mycena inclinata and Ple. ostreatus were excluded from analysis due to small numbers of colonized or noncolonized sporocarps.
Beetle abundance.-Beetle abundance per sporocarp differed among the eight most common species of fungi after controlling for variation due to dry mass, site and collection season (F 7,15.8 5 12.0344, P , 0.0001 from Welch ANOVA F-test for unequal variances using residuals from effect test of dry mass, site and season on ln-transformed data) (FIG. 3) . Beetle abundance was higher among the Agaricales than Polyporales considered here (z 16 5 25.56, P , 0.0001 on residuals after controlling for dry mass). The greatest number of beetles per sporocarp was found in Me. platyphylla (mean 5 173 beetles/ sporocarp, range 5 1-1895).
Beetle abundance was positively associated with sporocarp dry mass after accounting for the effect of fungal species, (F 63,4 5 6.97, P 5 0.010 from multiple regression; abundance and dry mass ln transformed). Within fungal species, dry mass was a significant correlate of beetle abundance for four of six common species (FIG. 4) , including L. sulphureus (F 7,1 5 19.48, R 2 5 0.74, P 5 0.003; linear regression following ln [+ 0.1] transformation), Ple. ostreatus (F 4,1 5 14.61, R 2 5 0.79, P 5 0.019; linear regression following ln transformation; however the relationship was nonsignificant after removal of the sporocarp with greatest dry mass), Me. platyphylla (F 31,1 5 33.37, R 2 5 0.52, P , 0.0001; linear regression on residuals after accounting for sporocarp age, one outlier excluded) and My. inclinata (F 6,1 5 6.85, R 2 5 0.53, P 5 0.040; linear regression following ln + 1 transformation, one outlier excluded). No evidence for a strong relationship between beetle abundance and dry mass was found in T. chioneus or Plu. cervinus (respectively F 8,1 5 2.19, P 5 0.177; F 10,1 5 1.93, P 5 0.195 from linear regression of ln-transformed abundance + 1). Polyporus mori and C. pyxidata were excluded from analysis because of small sample sizes. We found no effect of study site or collection season on beetle 
two-tailed t-test).
Beetle diversity was higher at the lower elevation site (Albemarle, Fisher's alpha 5 7.51, 95% CI 5 7.30-7.72) than at the higher elevation site (Giles, Fisher's alpha 5 4.8, 95% CI 4.71-4.89; calculated across sporocarps for each site in EstimateS and controlling for differences in sample size between sites). Beetle diversity per sporocarp was greater late in the season after accounting for variation due to site, fungal species and sporocarp dry mass (F 3,41 5 5.57, P 5 0.0055).
For each fungal species, our sampling was statistically sufficient to capture the majority of beetle species present as adults (FIG. 6) . Beetle communities in each site were not sampled to saturation (FIG. 7) , although our sampling approached statistical sufficiency in the highland site, where we recovered 82% of the expected 73 beetle species given the number of sporocarps sampled. Bootstrap analysis of the Albemarle County data shows ca. 41 beetle species expected given our sample size, of which 79% were recovered.
Relationship of sporocarp age to beetle assemblages.-In the most abundant fungal species (Me. playtphylla), beetle abundance was positively associated with sporocarp age (F 31,1 5 4.84, P 5 0.035, R 2 5 0.135 from linear regression of residuals after accounting for dry mass; one outlier excluded) (FIG. 8A) . This result did not change after accounting for collection season. Beetle abundance also was associated positively with sporocarp dry mass after age effects were taken into account (F 31,1 5 33.37, P , 0.0001, R 2 5 0.518 from linear regression of residuals; one outlier excluded) ( see FIG. 4 ). Although we observed no association between sporocarp dry mass and beetle diversity in Me. platyphylla (F 4,15 5 14.46, P 5 0.96 from multiple regression), beetle diversity was strongly and positively correlated with sporocarp age (F 7,18 5 28.37, P 5 0.003, R 2 5 0.76 from multiple regression with ln-transformed age and diversity data, one outlier removed) (FIG. 8B) .
Host specificity and nestedness in the sporocarp-beetle interaction network.-Host specificity was difficult to ascertain due to our single-season dataset and because few species were common. However Pallodes pallidus (Nitidulidae ; FIG. 1E fungal taxa, suggesting widespread host generalism (TABLE II) . Each beetle morphospecies was found on an average of 3.6 fungal species (range: 1-15 species, including beetles collected on at least two sporocarps), although some morphospecies were found on only one fungal species. For example, Tritoma sanguinipennis (Erotylidae ; FIG. 1C ) was found only on Po. Mori, an association that was observed repeatedly at all three sites (TABLE II) . Other beetles showing evidence for more specialized host use included Triplax thoracica (FIG. 1H) on Ple. ostreatus and Phenolia grossa on L. sulphureus (TABLE II) . Tenebrionidae and Ciidae were found only on members of the Polyporales, supporting the possibility of specialized interactions at a deeper phylogenetic level.
Fungal species that were abundant and consistently hosted beetles were visited by a large number of beetle taxa (TABLE III) . Family-level composition of the beetle community differed among fungal species (FIG. 9) , but was dominated overall by Staphylinidae. Two exceptions (Ple. ostreatus and Po. mori) both were characterized by a high proportion of Erotylidae, but Staphylinidae still comprised the largest representation of morphospecies. On average, beetles from 2.2 families were associated with each fungal species (range 5 1-5 among common fungal species only; Curculionidae and Carabidae excluded as chance visitors). Of eight focal fungal species, Laetiporus sulphureus hosted the greatest richness of beetle families (FIG. 9) .
After trimming singletons and doubletons to control for rare species effects, the resulting sporocarp-beetle network exhibited 51 out of 280 possible interaction links and nearly significant evidence of nested network structure. The matrix temperature (indicating level of departure from a perfectly nested system) was 13.42 degrees, generating a nestedness, N, of 0.87 (on a scale of 0-1, in which 1 is perfectly nested) (P 5 0.06). 
DISCUSSION
Although arthropods are abundant and diverse in and on macrofungal sporocarps (Gilbertson 1984 , Komonen et al. 2003 , Thunes et al. 2000 , their associations seldom have been described at a community level. How sporocarp characteristics structure insect communities and the potentially multifarious roles of insects in influencing fungal fitness are not well characterized. Our study examines the sporocarp-beetle interaction network in two primary sites in the fungus-and insect-rich Appalachian Mountains and associated foothills and investigates beetle diversity and abundance associated with an array of common fungal species.
Our study reveals a high abundance and diversity of adult beetles associated with sporocarps and shows that abundance and diversity of beetles differ among fungal species. Sporocarps of different species differ in longevity (persistence of individual sporocarps), apparency (the interplay of frequency and longevity) and chemistry, including volatiles that serve as attractants to insects and may change quantitatively and qualitatively across sporocarp development and decay (Fäldt et al. 1999 , Guevara et al. 2000b , Orledge and Reynolds 2005 , Wu et al. 2005 . Our study did not address apparency, although the most common species of fungus in our study (Me. platyphylla) did contain the largest number of beetle individuals on a per-sporocarp basis. We anticipate exploring the effects of volatiles on beetle abundance, diversity and host affinity in future work and using multiple years of census data to validate the patterns observed here. With regard to longevity, Polyporales comprise the longest-lived fruiting bodies in our study, sometimes lasting for years (Arora 1986). In contrast, sporocarps of many Agaricales can be highly ephemeral, typically existing only a few days (Lacy 1984) . Within the Agaricales, Me. platyphylla sporocarps persist longer than many others, lasting ca. 7 d from first appearance until decay (Lacy 1984) ; Pluteus sporocarps in contrast persist only 4.4 d on average (Lacy 1984) . Overall our recovery of more beetle individuals from our samples of Agaricales vs. Polyporales (FIG. 3) reflected the far higher abundance of Gyrophaena and other Gyrophaenina (Staphylinidae: Aleocharinae) on Agaricales (TABLE III) and highlights the ability of these beetles to orient rapidly to the relatively ephemeral sporocarps of these species. Overall diversity of beetles was statistically consistent between samples of Agaricales and Polyporales, although the highest diversity was observed in some of the most persistent species (e.g. L. sulphureus; FIG. 5).
When differences due to fungal species are taken into account, the effects of season, dry mass and sporocarp age are consistent with expectations; beetles were more likely present in larger sporocarps, and abundance and diversity were higher later in the season, in larger sporocarps, and as sporocarps matured. Our analyses let us decouple age from size and demonstrated that each was independently associated with an increase in beetle abundance and diversity.
We found a distinct effect of sampling location; after controlling for sample size, beetle diversity was higher at the lower-elevation site (Albemarle) than in Giles County. However we found few fungal species in common between these localities. Overlap in beetle morphospecies was higher, but most morphospecies were recovered in only one site. We did not sample beetles to saturation in either primary site, warranting further investigation to ensure that species perceived as missing from one site are not simply rare and Although most beetles in our sample were identified to species, a minority was distinguished only to morphospecies (TABLE II) and our diversity measures are therefore approximations. However estimates of diversity in Coleoptera based on morphospecies tend to mirror values obtained by systematists (Barratt et al. 2003) . Although this may vary somewhat among families, our study should provide a reasonable estimate of richness and host associations. Further sampling in additional seasons (early autumn) and in different years likely will increase our estimate of beetle richness for sporocarps in these sites and provide additional novel records of host use.
Most fungi were visited by members of multiple families of beetles, and most beetle families visited members of multiple fungal species and orders. Although 15 families of Coleoptera were recovered, Staphylinidae dominated the community for most fungi. Polyporus mori and Ple. ostreatus were exceptions with Erotylidae comprising the largest number of individuals on these fungi.
Sporocarp-associated beetle communities were composed largely of fungus-feeders, including Bolitotherus (Tenebrionidae), Gyrophaena (Staphylinidae), Cis (Ciidae), Phenolia (Nitidulidae) and others. Many of these species, such as Bolitotherus cornutus (FIG. 1A) and members of genera Gyrophaena (FIG. 1L) and Oxyporus (Staphylinidae ; FIG. 1L , O, P), are obligately mycophagous during both larval and adult stages (Heatwole and Heatwole 1968, Ashe 1984a) . Predatory species, primarily Staphylinidae that associate with sporocarps as predators of fly larvae and other insects (Newton 1984) , were relatively few (e.g. Lordithon spp. [FIG. 1Q] ). Four species, including one carabid (aff. Gastrellarius honestus; Kipling Will pers comm), one staphylinid (Philotermes pilosus) and two curculionids (Anthonomus suturalis and Cyrtepistomus castaneus), were considered accidental visitors to fungal sporocarps.
Most beetles collected in this study have broad host ranges, especially Eumicrota socia, Gyrophaena flavicornis (FIG. 1L) and other members of the aleocharine subtribe Gyrophaenina (TABLE II) . Potential specialization was observed in species such as Tritoma sanguinipennis (Erotylidae ; FIG. 1C Heatwole and Heatwole 1968, Teichert and Bondrup-Nielsen 2005) and may speak to host affinities at higher taxonomic levels than our sample let us examine. The desire among ecologists to understand the structure of specialist and generalist associations has generated interest in interaction networks and the possible causes of nestedness and compartmentalization in communities. To our knowledge our study provides the first indication of nested community architecture in sporocarp-beetle associations and offers one of the first explorations of nestedness in any fungal-based interaction network. By definition a nested community denotes a pattern of specialists interacting preferentially with generalists and generalists interacting with other generalists as well as with specialists (Bascompte and Jordano 2007 , Thebault and Fontaine 2008 , Ings et al. 2009 ). This structure was reflected in our host records. For example Triplax thoracica (FIG. 1H) and Phenolia grossa, which appear to be relatively specialized, associate with fungal species (Ple. ostreatus and L. sulphureus respectively) that are visited by a particularly high richness of beetle species (TABLE III) .
Nested interaction networks frequently underlie mutualisms and thus may reflect beneficial effects of some adult beetles on the fungi they inhabit. The nestedness value found here lies well within the range for seed dispersal/disperser (N 5 0.844 6 0.043) and plant/pollinator mutualisms (N 5 0.853 6 0.047) reported in a multicommunity meta-analysis by Bascompte et al. (2003) . However, even though our results are consistent with mutually beneficial interactions, it is inappropriate to infer that therefore the interactions between beetles and sporocarps observed here are mutualistic. Indeed some host-parasite interaction networks also may show a nested structure (Vazquez et al. 2005) . Although many fungus-associated beetles have clear trophic roles as spore grazers, flesh feeders or predators (Ashe 1984a , Newton 1984 , the beneficial or antagonistic effects of these insects on fungi remain to be evaluated.
Our observations, based exclusively on adults, illustrate only one level of the sporocarp-associated beetle community and its underlying interaction network. Larval feeding preferences typically exhibit greater specialization than those of adult beetles (Newton 1984) , and direct or indirect interactions with non-beetle arthropods may affect the structure of beetle assemblages in ways we did not assess here. For example, Collembola and Acari were observed in abundance on sporocarps in the field, but effects of these and other arthropods on the beetle community and network structure have yet to be explored.
Understanding the interactions of these organisms and the resulting effects on fungal fitness at an individual genet and community level remains a distant goal but one with improving odds given several pioneering studies (e.g. Guevara et al. 2000a , Lilleskov and Bruns 2005 , Nuss 1982 ) and novel host records and community analyses such as those presented here.
